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INTERACTION BETWEEN CARBIDES OF TRANSITION METALS AND THEIR OXIDES

T. Ya. Kosolapova, V. B. Fedorus, Yu. B. Kuz'ma

ABSTRACT

Interaction between oxides of transition metals
belonging to the IV-VI groups of the periodic system of
elements is studied. The difference in interaction between
oxides and carbides of these metals is due to the electron
structure of atoms of metals producing the oxides and carbides.

In connection with the requirements imposed on materials employed in = /1516%*

the new technology, it is particularly important to develop materials with
improved characteristics and with properties which have been previously
assigned to them. 1In order to solve this problem, it is of interest to study
the interaction between the oxides of transition metals belonging to the IV -
VI groups of the Mendeleyev periodic system of elements and the carbides of
both similar and dissimilar metals.

There are several well-known works devoted to the carbothermic production
of metallic niobium and vanadium, and the alloys of niobium with tantalum,
vanadium, chromium, molybdenum, and tungsten (Ref. 1 - 6). Research has been
performed on the interaction of tungsten carbide with the oxides of titanium
zirconium, vanadium, molybdenum, tantalum, and chromium (Ref. 7), and zirconium
carbide with zirconium oxide (Ref. 8). However, there are very few data up to
the present time derived from systematic research on the nature of the inter-
action between the oxides of transition metals and the carbides, with the pur-
pose of studying the mechanism of the processes and with the purpose of pro-
ducing alloys with improved characteristics.

This article presents the results derived from studying the interaction
between oxides of titanium, zirconium, hafnium, vanadium, niobium, and chromium
carbides of similar metals.

This research was performed as follows. The appropriate mixtures, which
were designed for interaction until a pure metal was obtained, were heated in
a vacuum at 10~3 mm Hg for one hour at temperatures from 1000 - 2000°C (with
an interval of 100°C). The results derived from the experiments were evaluated
according to data from chemical and X-ray analysis. In addition, we performed
a manometer study of certain reactions; based upon jumps in the pressure at
different temperatures, this study made it possible to determine the nature of
intermediate products and the temperature at which they were produced.

The interaction between the carbide and oxide of titanium was studied in
the temperature range 1000-1900°C (Table 1). At temperatures up to 1200°C, the
composition of the reaction products barely changes,as compared with the initial

* Numbers in the margin indicate pagination in the original foreign text.



TABLE 1

RESULTS DERIVED FROM EXPERIMENTS STUDYING THE T:'LO2 + TiC > Ti + CO
REACTION IN A VACUUM (TIME, 1 HOUR; PRESSURE 4 - 6 * 107! m Hg)

Tenper-‘ Content, % Result of ‘
ature, v X-ray f
B Cpound “ree T+ Coen, 0 Analysis |
Mixture | g & 7.8 0,51 76,3 23,7 o |
1000 68,6 7,29 0,47 76,2 23,8 TiC + TiO, ;
apc=4,32 A i
1100 68,8 7,11 0,48 76,4 23,6 aTic =4,32A
1200 69,6 6,83 0,16 76,3 23,4 TiC + =
1300 70,9 5,46 0,14 76,8 23,1 TiC+ z
1400 | 71.4 573 | Undet 7.1 | 22,9 TiC + z
1500 72,1 5,05 » % 77,1 . 22,9 TiC + =z
1600 72,5 5,36 » » 77, 9 22 1 TiC + =
- 1700 74,1 4,24 » » 78,3 21,7 TiO +
ario = 4,53 A
1800 74,2 2,24 » » 78,4 21,6 TiO4+ y
1900 76,2 4,34 » » 80,5 - 19,5 TiO + y

products. The lines of TiO2 and TiC, with a latticespacing of 4.32 K, can be

clearly seen on the X-ray photograph. At higher temperatures, lines of the
unknown x-phase, which it was not possible to identify, appeared on the X-ray
photographs along with TiC lines. This phase occurs in the samples up to a
temperature of 1700°C. At temperatures above 1700°C, lines of the titanium
monoxide TiO and of the unknown y-phase are observed.

It may be assumed that the interaction takes place via the formation of

the lower oxides of titanium T1305 and T12 3° This is confirmed by manometer

studies, according to which three jumps in the pressure are observed on the
manometer curve.

The appearance of the y-phase is apparently related to the fact that the
interaction of titanium oxides with carbide begins, with the formation of the
monoxide and the oxycarbides having the composition Ticxo(l—x)'

The interaction between the carbide of zirconium and the oxide is initia-
ted at 1800°C (Table 2).

Chemical phase analysis* has shown that up to a temperature of 1800°C
only ZrC and ZrO2 occur in the reaction products, and there is essentially no

interaction. At a higher temperature, interaction was noticeable. This is

* Ye. Ye. Kotlyar performed the phase analysis.



TABLE 2

COMPOSITION OF INTERACTION PRODUCTS OF ZrO, + ZrC (ZIRCONIUM
CARBIDE CORRESPONDS TO THE COMPOSITION ZrCj gq, TIME LAG 1 HOUR,
PRESSURE 5°10~3 mm Hg)

-~ Cocras Hepac- iti
) Content N % Taopnmopoo) Compos%tlon of C|> '8
4 g ocratka, % Solution, % o v
—r—— ] = s q,
4+ Q) e oM 5]
o l @ -m‘ 4JH © Qo gl O %w
8o s | A5 lapi 0 3 o Cn Sam
zri /oo |€os tHoo|®@ |zr| 0 zw|c| o Sk 001 b
g0 @ ot = g BHOd | @
g g |"aa [l E o g+H @
v QF@ O O PG 0 0085 | £HES
= = AR IS Fy Fougid<t, A w O '
g (1)

MIxte o ile.6a| 3.4 |tHooom.] 25,3 58,475,702, 25| 20, @) ZrC + Zro,
1200 184.216.72] 34.6 ] » » | 25.3(59,2073.6(26,5 | ZrOs.es90,2| 10,2 |He 06H. ZrCo,| ZrG 4 ZrO,
1300 [84.216.76| 34.0] » » | 24.6(60.1]72.4/27.6 hZr0s.12|90.1]10,2| » » ZrCovs| ZIC -+ ZrO;
1400 [84.2/6.67) 33,31 » » | 24,460,1[73,3]2617 | ZrOys.0s/90.5/10,2| » » ZrCos| ZTC + ZrO;
1500 [84.206.74] 33.8] » » | 2419] — [13.7(26,4 | ZrOsmee| — | — | — =" ZrC 4 zro;
1500 [R4.2/6.80] 33.6] » » | 24.2/60,2[73,2/26.8 | ZrOs.0e90,0(10,2| » » ZrCo,u| 2rC 4 Zr0,
1700 {84.2(6.66] 27.1 | » » | 20.067.0(75,7|24.3 | ZrOy.es/91,8]9,05 | » » ="* ZrC & zro,
1800 (84.3]6.61| 26.2] » » | 17.9|67,4(74,1125.9 | ZrOy.o0|88.4]8:72| 2,89 [ZrCp,4O0,ss
1900 |84.016.40( 22.8| » » | 16.8]67,2/73.7(26:3 | ZrOs.ns|57.3|8:20| 4141 |ZrCeirgOorse| @ + ZrO, cim.

84,016,001 24,1 » » 17,4167,2) — | — — |88,5(7,90| 3,60 1ZrCe,700,2s| @ -+ ZrO. cu.
2100 {84,016.00) 14.4) » » | 10,4724173,7/26,3 | 2r0,,ad84,21 7,30 | 8,80 1ZrCo,sOus:! & + ZrO, cum.

(1) - Composition of Insoluble Residue, %; (2) - Unobserved.

confirmed by data derived from X~-ray analysis, according to which phase a occurs
in the reaction products at temperatures of 1800°C. This phase has a cubic,

face-centered lattice of the NaCl type, and the lattice spacingsincrease to a
certain extent with a temperature increase (Table 3). The lattice spacing of
phase a is close to its value for zirconium monoxide ZrO, which equals -4,58A
according to (Ref. 9) and -4.62A according to (Ref. 10). If we take the fact
into account that there are no lines of foreign phases, except ZrO2 and the

a-phase, in the X-ray photographs of the reaction products at temperatures
above 1800°C, we may assume that when dissolved, the a-phase completely passes
into solution. Since it contains carbon, in addition to zirconium and oxygen,

it represents an oxycarbide of variable composition.

TABLE 3

LATTICE SPACINGS OF PHASE a IN REACTION PRODUCTS
OF THE ZrC - Zr0O, SYSTEM

2
Experiment a. X Experiment a. R
Temperature, °C ’ Temperature, °C ’
1800 4,567 2200 4,583
1900 4.577 2300 4.594
2000 4,561 2400 4,605
2100 4,583




TABLE 4

RESULTS DERIVED FROM STUDYING THE REACTION VO, + VC -~ V + CO

273
Tempera-|- .__Content, % Phase Composition
ture, % face-centered
> Vo |Couns Cfree |Y*%en.| o |based on chem. anal.)
e |
Mixture | 70,0 9,5 — 79,5 | 20,5
1000 74,4 9,28 [ndet, 83,7 16,3
1100 75,0 8,64 » » 83,6 16,4
1200 77.7 8,58 » > 86,4 | 13.6
1300 80,0 7,57 » » 87,6 12,4 VvC + VO
1400 85 1 4,20 | I 1 89,3 10,7 V.C+VO+V
1500 88,8 3,32 » » 92,1 7,9 Vo.C+VO+V
1600 90,4 35 Y » » 93,9 6,1 41,1% V.
{ 25,1% VO,
33,3% V.C

The content of oxygen increases with a temperature increase, and the
spacing increases with a decrease in the lattice defects.

Samples were prepared from mixtures of ZrO2 - ZrC containing from 10 -

100% of each component. They were prepared by the method of hot pressing, and
were then subjected to metallographic analysis.

According to the phase chemical analysis, there was free zirconium di-
oxide in every sample containing more than 20% Zr02. Samples containing 20%

ZrO2 and 80% ZrC were monophase; their composition corresponded to the formula
This was substantiated by metallographic studies —- every

2xC4,70%. 26°
sample containing more than 20% ZrO2 was diphase. The light phase, which was

identified as oxycarbide according to X-ray and chemical analysisi had a
microhardness whose value decreased monotonically from 2600 kG/mm< for pure
ZrC to 1500 kG/mm? for samples containing 90% Zr02. The second phase had a

microhardness which was the same for every samgle, and which was close to the
microhardness of zirconium dioxide (1000 kG/mm<).

There was no interaction observed between the hafnium carbide and hafnium
oxide up to a temperature of 2000°C. The composition of the reaction products
at temperatures from 1000 to 2000°C was identical, and corresponded to the
composition of the original mixture.

The interaction of vanadium oxide with the carbide (Table 4) showed that /1518

it is initiated at a temperature of 1000 - 1100°C. At 1300°C the composition
of the reaction products corresponds to VC and VO according to data derived
from chemical analysis. At 1400°C, V2C, VO and V appear. With an increase

in temperature, the V2C and VO content decreases, and vanadium increases.

4



TABLE 5

RESULTS DERIVED FROM STUDYING THE REACTION Nb,O. + NbC > Nb + CO

275
IN A VACUUM (TIME, 1 HOUR; PRESSURE 10~! mm Hg)
Tempera- Content, 7% Phase Composition }
ture, % : o N Based on X-ray
e, Nb Cbound free | b + Cgen. ] Analysis l
Mixture | g1 | 7,79 — 89,8 | 10,2
1000 84,3 7,76 0,07 92,0 8,0 Nb;Os + NbC + traces of
*  x-phase
1100 83,6 7,76 [ndet. 91,3 8,7 Nb.Os + NbC + tr?(.cg agg
1200 84,7 7,40 » 92,1 7,9 1 NbC + z + traces of Nb,Ojy
1300 85,3 7,28 B 92,6 7,4 | NbC+ z+ traces of NboOsg
1400 86,4 6,87 » » 93,3 6,7 mm+z+trmmsofmbﬂk
aNbC = 4,463 A
1500 87,5 6,17 » » 93,7 6,3 | NbC + z, anbc = 4,459 A !
1600 | 95,6 | 3,28 » > 98.9 11 Nb + Nb,C
1700 95,7 3,78 » » 99,5 — Nb + Nb,C i
1800 97,5 2,25 » » 99,8 — Nb + Nb.,C i
1900 93,5 0,91 » > 99,5 - Nb + Nb.C ;

The interaction of niobium oxide with the carbide is initiated at tempera-
tures above 1300°C. Up to this temperature, the carbon content in the reaction
products almost equals its content in the original mixture (7.7%). X-ray
analysis revealed niobium oxide Nb205, carbide NbC, and traces of the x-phase.

At a temperature above 1300°C, the composition of the reaction products changed,
and X-ray analysis at a temperature of 1500°C revealed NbC with a lattice spac-
ing of 4.459 A, which corresponded to the composition NbC0 89 and the x-phase.

According to data derived from chemical analysis, an approximate computation
of the composition of the x~phase revealed a phase of the composition NbO
(Table 5) which must still be substantiated and defined more precisely, how-
ever,

At temperatures above 1600°C, NbZC and Nb were found. A study of the

interaction of chromium oxide with the carbide Cr3C2 (which had a higher con-

tent of carbon) showed that (Ref. 5) it is initiated at a temperature of 1200°C.
Thus, the carbide Cr7C3 appears in the reaction products (Table 6), the maxi-

mum amount of which corresponds to a temperature of 1300°C., The carbide Cr3C2

was not found at this temperature. With an increase in temperature, the

Cr203 content decreased, and the Cr7C3 content also decreased. The content

of chromium, which appeared at a temperature of 1300°C, increased, reaching
96% at 1600 - 1650°C.

Two jumps were observed on the manometer curve for the reaction. These /1519
jumps corresponded to the temperatures 1200°C, at which the .interaction took

place according to the equation Cr,0, + Cr3C2 > Cr7C3 + CO, and 1400°C at which

W




TABLE 6

RESULTS OF EXPERIMENTS TO OBTAIN CHROMIUM ACCORDING TO THE

OVER-ALL REACTION 2Cr203 +3 Cr3C2 = 13Cr + 6CO (MIXTURE

HAVING STOICHOMETRIC COMPOSITION)

|
& ‘_Ei ht ; Content, % IpuMepuuit dasoswiit cocras, % (5‘)i
(2] 8, [} :
§lo | i 5y CIY |
£l E |8 ke’ Sz
3 . o = a3
B [ g a (&) =1 " 822 a
£ o g | % vl 9 & ol o m B E QR | < S
& =4 B B O |y (&) O"Q = vld 3] s S 5]
(7 () 2]
1000{14,6 (14,2 | -- |79,8/8,4 {He 06n.|8,4 |99,8 8,4 36,3 [63,5|Heo6n.| He o6m.
1100(14,1 (13,8 | — {79,6(8,0 } » » (8.0 /96,6 7,7 (38,9 157,7] 3,4 -
1200(14,67(13,67(21,2186,6/5,2 ;0,01 |5'2 [24.0 24,0 57,8 | --
1300)16,97{15,98/46,2(89,4{3,5 [He o6n.;3,5 |18,1 w 18,1 (¢)| 38,9 43,0
1400|14,69/11,70182,0195,8/0,83/ » » (0,83 7,3| |pe’ con | 73| | go| 9.2 | 83.5
1500{16,12{12,79(83,6/96,2|0.85 0,85| 5,0( ¢ ®®H1 5.0 tnl 92| 858
1600{17,76| 8,70/97,7/97,7/0.09] 0,02 |0'07| 3.8 1 3,8] (°°% 0,8 | 95.4
1650{13,82| 6,67(66,9:97,5/0,08] 0,03 0,05} 3,5 3,5 0,7 95,8
1700 Sample §97,5(0,28/ 0,03 0,25 —- - - — -
melted

(1) - Before Experiment; (2) - After Experiment; (3) - Output
Based on Chromium, %; (4)- C in Undissolved Residue;
(5) -~ Approximate Phase Composition, %; (6) — Undetermined.

Cr7C3 + Cr203 -+ Cr + Co.

Discussion of Results

is characteristic
The formation of oxycarbides having a variable composition/during the

interaction of oxides with the carbides of metals belonging to the IV group
of the Mendeleyev periodic system of elements. The temperature of this inter-
action increases during the transition from titanium to zirconium and hafnium.
The oxides of metals belonging to groups V and VI interact with the carbides,
leading to the formation of metals. The difference in the nature of inter-
action is determined by the electron structure of the metals forming the
oxides and carbides.

According to (Ref. 12), the main properties of infusible compounds are re-
lated to the stability of electron configurations of the metals and carbon
forming them. Metals belonging to the IV group of the D.I. Mendeleyev periodic
system of elements, with a number of electrons in the d2-state, tend to change
into stable d’- and dS-states. Carbon of the carbide, which has the configura-
tion s%p2 in the state of an isolated atom, tends toward the formation and
stabilization of the stable configuration sp3, as the result of the s > p
transition,



The transition of twovalence electrons of the metal to oxygen is
characteristic for the oxides of these metals, with the formation of a high
static weight of the szp6 configuration, and with a corresponding increased
static weight of the stable d%-states of the metal.

During the interaction of titanium carbide, in whose sublattice the
formation of stable configurations cannot be realized, with the oxide it is
very probable that there is a transition of two d-electrons of titanium
(occurring in TiC) to oxygen, with the formation of stable dl-states in
titanium and with the formation of a high static weight of the s2p6—states in
oXygen atoms, with stabilization of the stable state sp3 of carbon. This is
substantiated by the very fact that oxycarbides are formed.

During the transition from titanium to Zr and Hf -- i,e., with an in-
crease in the stability of the d-states, due to an increase in the main quantum
number of d-electrons (Ref. 11) -- the static weight of the d®-configurations
and their energy stability increase. Correspondingly, the static weight of
the d%-states and the transition (related to their formation) of a portion of
the valence electrons into the collective states decrease. For example, this
is manifested in the reduction of the specific electroresistance in the series
TiC - ZrC - HfC (52.5; 50.0; 45.0 microhm/cm). An increase in the energy
stability and an increase in the static weight of the dS-states is also mani-
fested in the increase in the heat of formation of carbides from TiC (43.8
kcal/mole) to ZrC (47.7) and to HfC (73.7), and the heat of formation of oxides:
TiO2 225 kcal/mole; ZrO2 -—- 259; HfO2 -- 266 kcal/mole. This strengthening and

reduction of reaction capacity (i.e., an increase in the energy which is neces-
sary for disturbing the d°-states) leads to a corresponding increase in the
temperature at the beginning of the interaction, which also leads to the forma-
tion of oxycarbides, as was indicated above.

During the transition to metals of the V group -- vanadium, niobium, and
tantalum —- in which the static weight of the do-states is significantly higher
than in metals of the IV group, atoms of the metals acquire a more stable
state in the carbides, which is stabilized due to electrons being drawn away
from carbon atoms. The disturbance of the stable states of carbon atoms
(decrease in the static weight of the sp3-states in the carbon sublattice) leads
to a reduction in the heat of formation of carbides of the V group, as compared
with carbides of metals belonging to the IV group, and also leads to an increase
in the electroresistance, due to possible stabilization of the sp3—configura—
tion due to the capture of conduction electrons. Therefore, during MYC - MVO
reactions, the disturbance of stable states_of the metal atoms is much more
difficult than in the case of the M}VC - MV0 reaction. There is primarily a
disturbance of the excited sp-configurations of carbon, by interaction with
oxygen, with the liberation of CO and the formation of an intermediate metal,

but not oxycarbides.

Based on these considerations, we would expect that the formation of
oxycarbides would be more difficult, and the formation of metals would be
easier, during M,,C - M,0 reactions, due to the large static weight of the

~J



d°-states. This actually occurs with the example of chromium. The interaction
of chromium oxide with the carbide, leading to the formation of a metal, occurs
at a temperature 1200°C.

The authors would like to express their deep appreciation to G. V. Samsonov
for valuable advice and comments which he offered during the discussion of this
article.

Conclusions
niobium,
The interaction of the oxides of titanium, zirconium, hafnium, vanadium,/
molybdenum, and chromium with the carbides of similar metals has been studied.
The following has been established:

The interaction in TiO, - TiC and ZrO, - ZrC systems in the temperature

2 2
range 1000 - 2000°C leads to the formation of oxycarbides of the Mcxol—x type.

The interaction in the HfO2 - HfC system in the temperature interval which

was studied (1000 - 2000°C) was not observed.

Carbides of the metals belonging to V group of the Mendeleyev periodic
system of elements VC and NbC interact with similar oxides, with the formation
of metals passing through the stage in which lower oxides and carbides are
formed.

The formation of chromium during the interaction of chromium carbide Cr3C2

(which is higher in its carbon content) with chromium oxide Cr203 was observed

at a temperature of 1200°C. A temperature increase led to am increase in the
output of pure chromium, reaching 967 close to the melting point of chromium.

The difference in the nature of the interaction between oxides of transi-
tion metals of groups IV, V and VI of the periodic system of elements and
the carbides is related to the difference in the electron structure of the
atoms of metals producing the oxides and carbides.
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B3AUMOJEUCTBHE KAPBHU/0OB NEPEXOJHBIX METAJLJIOB
C IX ORHCJIAMHA

B caasm ¢ TpebopanWAMHE, TPebABIAEMBEIMA K MAaTepHajaM HOBOH TexHmE, ocofoe
3navYeHHAe TIPNOOPETAST CO3JaHAe MaTepHaTOB ¢ HOBHIIEHHBIMA XaPaKTePHCTHKAMYE ¥ € 3a-
panee 3ajaHHBIMM cBolicTBaMmum. [lnA permeHms 5Teil 3afadm IpeACTaBiseT HHTepeC MC-
CJIe[IORAHNE B3aWMOfiefiCTBIA OKHCIOB IEPEXONHBIX MeramxoB IV—VI rpymn mepwonmae-
CKOII cHCTeMBL aeMenTos MengeneeBa ¢ KapOmyaMn Kaw CJHOUMEHHEIX, TAK M Pa3JHIHBLX
METaJI0B.

WapecTHrl paloTEL M0 KapHoTePMATeCKOMY HOIYUYeHHI0O METANIHYeCKHX RHoOMA W Ba-
HagAdA, CIIaBOB HEOOHA ¢ TAHTANOM, BABAX@AEM, XpoMoM, MomubienoM ¥ sBoabppamoMm
{1—6]. TIpoBommianc,L HECCTCROBAHAA B3amMOReHcTBUS XapOmgja BonbppaMa ¢ OKHCIAMA
THTaHA, APKORMSA, BaHAJAA, HHOOHA, TaHTAIa B Xpoma (7], xapdnfa OUPHOHAA ¢ OKHCHIO
muprorns {8]. OZHAKO HAHHEIX M0 CHCTEMaTHYECKOMY HCCIOZOBAHUIO XapaKTepa B3amMo-
AeHCTBHA OKHCIOB TIEPeXONHBIX METANI0B ¢ KapfupaMu ¢ Iedbl0 H3y4eHAsS MeXamm3Ma
IPOIeccoB M BO3MOKHOCTH IIONYUeHHA CIUIABOB ¢ MOBRITIEHHEIME XapAKTePHCTHRAME NOKa
IOJIYIeHO MAJO.

B namnoii pafoTe mpuBOJATCA Pe3yIABTATHl HCCTETOBAHUS B3AEMOIECTBHS OKHCIOB
THTaHa, IUPKONHs, TapHAA, BaHaZWA, HAOOHA W XpOMa ¢ KapOEIAMH OXHOMMEHHEIX Me-
TAJIOB.

PafoTa mpoBojuiach 0O caeyouieii MeTogIKe: COOTBETCTBYOINHE MINXTH, COCTABICH-
HEle B pacyeTe Ha B3aMMOeHCcTBHE K0 NOAYJYeHHsA UUCTOLO MeTasjla, HarpeBaJHCh B Ba-
ryyme 10-3 ux pr. cr. B TedeHne daca npu Temmeparypax oT 1000 mo 2000°C (c maTepsa-
jaoM B '100° C), Pesyaprarhl ONEITOB ONEENBAIACH 1O JAHHEIM XMMAYECKOTO M DPEHTTEHOB-
cKoro aHaamzos. Hpome Toro, mpoBOJHIOCE MAaHOMETDPUYECKOEe MCCIAeJOBAHHME HEKOTOPHIX
peaxnuil, WO3BONA0INEe O CKAYKAM B JIABICHUH TDPH PasiyyYHHX TeMIEpaTypax ompefe-
JIHTh XapaKTep NPOMEKYTOUHBIX MPOAYKTOB U TeMOEDPATYDH UX 0GpasoBaHus.

TabGaama |

Pesyawrarsr onbiTos no mecxeaopanmio peakmua TiO, + TiC — Ti + CO
B Bakyyme (Bpema 1 u, naBnenue 4 — 6- 10~! mm pm.cne.)

Conep:xasue, %
Temnepa- PeaynpraTsl peHTre-
Typa, °C Ti Conna Cenos Ti + Cogpy o HOBCHOTO aHAJIM3a
HlnxTa 68,5 7,8 0,51 76,3 23,7 i .
1000 68,6 7,29 0,47 76,2 23,8 TiC + TiO,
apic = 4,32
1100 68,8 7,11 0,48 76,4 23,6 aTic = 4,32A
1200 69,6 6,83 0,16 76,3 23,4 TiC + z
1300 70,9 5,46 0,14 76,8 23,1 TiC + =
1400 71,4 5,73 He o6m=. 77,1 22,9 TiC + z
1500 72,1 5,05 » » 77,1 22,9 TiC + «
1600 72,5 5,36 » » 77,9 22,1 TiC 4 z
1700 74,1 4,24 » » 78,3 21,7 Ti0 + y
aTio =4,23 A
1800 74,2 2,24 » » 78,4 21,6 TiO + y
1900 76,2 4,34 » » 80,5 19,5 TiO + y

BzamvopeficTsme Mesnqy KapOHZOM ¥ OKHCLIO TATaHAa HCCASNOBAJIOCH B HHTePBae

--remuepatyp 1000—1900°C (vaba. 1). Iipm TeMmeparypax mo 1200°C cocTaB TpOXYKTOB

PeaKknER UPAKTHUECKY He M3MEHACTCHd Ho CpasHendn ¢ uMcxodueiM. Ha penTremorpaMmax
1erxo BuHEL gumEwm TiQ: m TIC ¢ mepmomoM pewmerkn 4,32 A, TIpw Gonee BEICORAX TeM-
mepaTypax Ha PeHTIeHOTPaMMaX Hapsgy ¢ auumamu TiC HoABIAIOTCA JUHHE HeH3BECT-
HO# z-(paswl, KoTOpHle HICHTRPAUEPOBATL HO yHajioch. JTa (dasza uMeeTcs B 06pasmax
7o Temneparypur 1700° C. ITpm Temmeparypax e 1700° C nabaiofaoTcs IMHAR MOHOOKH-
cu tatana TiO n memspecrnoif y-drassl.
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CKOpOCT: PACHPOCTPAHEHHA TPOJOTBEHX YALTDA3BYROBHX BONH wacrorod 5,0 Mey
HaMepsTach OPH KOMHATHOM TeMIepaType Ha yIbTPa3ByKoBOM 3X0-Reherrockone VJIM-1M
OTHOCATEILODIM, MeTOA0M. B KadecTBe STANOHHBIX HMCIOIb30BAXUChL 00pasmel MeAH, aTIOMH-
HuA, JaTYHRE W DEgKcAriaca. VisMeperna HpOBORHIMCH Ha TeX ke 00pasmax, Ha KOTOPBIX
HaMepATach TeIVIONPOBOJHOCTS, ¢ IPUMEHeHAEM KOHTAKTHOH cMasky AEQOHYMOHHBIM
MacaoM.

KoaddhunneHT TeINOROTO pacmEpenus B muTepBate Temmeparyp 20—70° C maMepsaaca
HA yCTAHOBKE, OIMUCAHHONY B palote (6] A maMepeRuil mCIONL30BANNCH HHIRA/PEIECKNE
olpasiu BeicoTOl 20—40 u gaamerpom 10 mx. .

HosxyuenHble 3HATCHEANGKOPOCTA PACHPOCTPANERHS YILTPAsBYKOSHS BOJIH & MIOTHO~
CTH HCOOIL30BARBI AJA wpac‘mga MOXyasa mpoloabHO# ympyrocru (momyas IOunra). 3uadve-
HHA KodpPHTIHEHTA JRHEHHOr O PACITUPe RN TO3BOIMIR PACCUHTATH XA PAKYSPHCTATCCKYIO
TeMmeparypy Je0as 1o MeToauKe, TpeNIo:KeAAol B [7]. )

PeaysibTaThi M3MEPEHBII ¥ DACUETOB HpHRefeHH B Tabimne coBMECTHO ¢ HEKOTODHI-
MH AnTepaTypubIMU AamHEMA [8—Y0]. U3 1abiuusl BAARO, To HOMYIYECHHHE HaM@ 3HAYe-
BAA HAXOAATCA B YIOBIETBOPHTETBROM COTIACUM ¢ NAaHHKIMH JpPYrHX aBropoB. OfHAKO
mpupenennsie B paGore [9] 3HaYeHmH \MHKPOTBEDIOCTH 0ia3HBAIOTCA CYNIECTBOHHO HILKE
KaK HAlIuX, Taxk u npusexennsix B pabote [10].

Tlosayqcuubic pe3yabTaTh noaﬁovvx;lxoi‘\r:fnam BEIBOJI, 9TO B HCCAEXOBAHHBIX COGJHHe-

HuAX 1peo(1a;{a10T KOBAJIENTILIC CHILI MeMMATOMHOIO B3AHMOjleilcTBH S,

BLIB

HaMepenLl TeMiepaTypsl WIarjJcins, MIKPOYBEeP/ioCTs, MIIOTHOCTH, TOHJIOIPOBOLHOCTS,
TOILIOBOO DPACIUIIPeHNe M CKOPOCTL, PacnpoCTPAHBIMA YILTPA3BYKORHIX BOXH B COCJREE-
grax thma AIBHIC, VI TlokasaWo, 470 B cocjuHeXuAX HpeodJalaloT KOBaNeHTHLIE CHIB
MEHATOMHOTO B3aHMOZeHcTBISL, '
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3.J.A.Beprep, A.d. Bananescran @Pus. 8. Texa 6)1311 (1964).
4.JI. . Beprep, H. A, Byaseraros, Mss. AH CCCP. Cep. dura. 28, 1100 (1964).
5. J}.)QI/I(.“)[E) eprep, P. Avnamamengon Uss. AH TypsGCP. Cep. ¢ms.-rexn. m, 2,
2 33) . .
6. JI. 1. B e p re p. 3asoack. naGoparopun Ne 6, 742 (1965).
7. H. H. Cupora, C. H. Ynmencxasa G5 Onsuxa u QUINKO-XAMATCCKAI aHAIN3.
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MNucTuTyT XHMHUECKHX DPEAKTHBOR IocTynnna
H 00000 TACTLIX BEmiecTH 16 mosbps 1965 .
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oM Ta6numa 2

”»

Coctae mnpoxaykros Baammopeiicteua ZrO; o+ ZrC (rapOMj HHPKOHHA COOTBETCTBYET
cocraBy ZrCy gy, BpeMaA Boifepikn 1 +«, mariaenme 5-1072 mm pm. cm.)

Cocras Hepac-
Copeps;ranue, % TBOPHEMOTO CocraB pactBopa, %
1 ocratka, %
< = . Da30Bbiil
2 EE g E COCTaB 1O
£ - HTIEH.
E 25| 88, 53 ol Gop- dopmymna, g?{anuay
& Zr| .| ec| SEE|REE|S |2Zr| O Zr| C (¢} CorJIacHO
- | B REE|TEE Myna
§- E| S| 458 =8| @ XM,
= aHaAMU3y
& S| gx| o8 |5EE5E
Mluxra |84,4!6,64 33,4 |Heo6H.| 25,3 (58,4(75,7|24,25] ZrOy,es 2rC 4+ Zr0,
1200 184,2i6,72] 34,4 » » 25,3 159,2|73,6(26,4 | Zr0,,4:(90,2| 10,2 |HeobH. ZrCo,e5| ZrC —+ ZrO,
1300 [84,2(6,76] 34,0 » » 24,6(60,1|72,4!27,6 | Zr0,,17(90,1{ 10,21 » » ZrCo,es! ZrC -+ Zr0,
1400 |84,216.67] 33.3] » » | 26,4 [60,1|73,3[26,7 | ZrOz,05/90,5/ 10,2 | » » ZrCons| ZrC - Zr0,
1500 (84,2:6,74! 33,8 » » 24,91 — 173,7126,4 | ZrOs,04f — | — — — ZrC -+ ZrO,
1600 1{84,2|6,80{ 33,6| » » 24,2 (60,2|73,2126,8 | Zr0s,0:90,0{10,2| » » ZrCy,e5f ZrC - Zro,
1700 184,2/6,66{ 27,11 » » 20,0 167,0175,7/24,3 | Zr0y,:91,8/9,05{ » » — ZrC + ZrO,
1800 |84,3/6,61| 24,2| » » | 17,9(67,4/74,1|25,9 | ZrO2,00(88,4 8,72 | 2,89 |ZrCo,:500,17
1800 |84,0|6,40( 22,8 » » 16,8 [67,2(73,7|26,3 | Zr0:,,:(87,3| 8,29 | 4,41 |ZrCq4,7200,20 | a 4 Zr0, ca.
2000 184,0|6,00] 25,4 » » 17,4 (67,2 — | ~ — 88,5/ 7,90 | 3,60 |ZrCg,00,23| @ -+ ZrO, ci.
2100 184,016,00{ 14,1} » » 10,4 172,4(73,7/26,3 | ZrOs,0:184,2| 7,30 | 8,80 1ZrCo,e0¢.5:1 @ - Zr0, ciI.

MoKHO TPeIIoM0KHTh, UTO B3auMOleifcTBHe HieT 4epe3 ofpaszoBanne HHUBIIAX OKMC-
nos turaHa Ti;0s # Ti:0;. 9To TMOATBEP:KIAeTCA MAHOMETPHUCCKAMHA HCC/IeA0BAHUAMT,
COTJIACHO KOTOPHIM Ha MAHOMEeTpHUYecKOH kpHBoil HalmogaloTcd TPH cKadKa B JABTCHHEH.

IosBaenue y-Gassr, MO-BUIHMOMY, CBS3aHO C TeM, 4TO HAauHHAaeTcA B3amMojelcTBHe
OKHCIOB THATama ¢ KapOwaoM ¢ o00pasoBaHNEM MOHOOKHCH M OKCHKAPOHIOB COCTaBA
TiCxO¢_x)

BaamMoleficTBe MeMay KapOmNOM NHDPKOHMA W OKHCLI0 HAUMHAETCH IPH TeMICPATy-
pe 1800° C (rtadm. 2).

Xumuueckuii (pa3oBBIl aHasn3 * mokazad, uTo 70 Temmepatypsl 1800°C B mpopmyrTax
peaxiun nMeetcs ToibRo ZrC u ZrOg, m mo CymecTBy B3amMofelicTBHe He HalmiofaeTcd.
TIpu 6oaee BLiCOKOI TeMieparype 3aMeTHO B3aMMOJEHCTBIE. ITO WONTBEPKIAETCS JAHHEI-
MIH PeHTTeHOBCKOTO AHAJM3a, COMIACHO KOTOPOMY B OPOAYKTaX PeaKUUHA IPH TeMIepaTypax

1800° C mosBasercsa dasa a. dra daza obramaer Tag a3
KyOuveckoit TpaHeneHTPHPOBAHHOK pemeTkOM TepHoas pemersu d)algbl:g
Trna NaCl, mepHogel pemeTku ¢ POCTOM TeMile- B [POAYKTAX PeAKIHI CHCTeMBI
PaTypsl HeCKOILKo yBeawumpaioresa (Tabd. 3). ZrC — Zr0

3HaueHme mepuoga pemerku (asst ¢ Gausro K 2

3HA4YeHHIO ero MisA MoHooKucm mupxoHusa Zr0,

parbomy coraacto [9] — 4,58 A m {10] — 4,62 A,  Temmepa- Temmnepa-
VunTeiBas, 4TO Ha PEHTIEHOTPaMMax IIPOAyKTOR  TYBA QEb-| @ A RREST o A
peaxnum Ipu Temueparypax soime 1800° C orcyr- !

CTBYIOT JTHHHH I0cTOpOHHHX pa3, Kpome ZrO:

® a-daser, MOKHO TPERIONOMKATH, 9T0 a-Pasza

TPH PACTBOPEHIH NOIHOCTEI0 MEPEXOXAT B Pac- 1800 4,567 2200 4,583
TBOP, & TaK KaKk OHa COJIEP:KHT, KpoMe TIHPKO- 1900 4,577 2300 4,594
HAS H KUCIOPOJA, TawKe M YIIepod, TO OHA 2000 4,561 2400 4,605
TpefCTABIAeT OKCHRAPOH] TIepeMEHHOTO COCTABA. 2100 4,583

C pocToM TeMIepaTypH Cojiep/KaHWe KAC-
J0poga YBENWUUBAETCH, M ¢ yMeHblIeHueM je PeKTHOCTH PEIIeTKN YBeJIHMIUBAETCH
nepuo;.

W3 cmeceli Zr0; — ZrC, cogepmamux ot 10 o 1009 Kam10ro KOMIIOHEHTa FOTOBWIHCH
00pasiEl MEeTO0M TOPIYETO MPecCOBAHMN, HA KOTODPHX TPOBOJMICA MeTaalnorpadmaecKmil
AHAIN3,

CorxacHo $as30BOMY XHEMHUECKOMY aHAJP3y, BO BceX o0pasnax, cojiep;RalfAx BLIle
209, ZrO., umeerca cBoGogmad ABYOKHch IUpKoHHA. OGpasnsl, cogepskamme 20% ZrO:
u 80% ZrC, ognodasusl; coctap mx oTBeuaer dopmyiae ZrCo,7000,26. ITO TOATBEDKIACTCA
MeTAILIOTPAPIIeCKUMI UCCASNOBANNIMI — Bee 00pasihl, cofepkamue Buime 20% ZrOq,
aByxdasnast. CeeTiiag daza, nrenTHANHPOBAHIAS COTTACHO PEHTTEHOBCKOMY H XIMHIYeCcKo-
MYy aHaJn3y KAk OKCHKapOul, EMeeT 3Hauenue MHKDOTBOPROCTH, MOHOTOHHO CHINRAIONIRS-
cA ot 2600 xl'/mum® ma gucroro ZrC o 1500 wl'/ux® pmua ofpasmos, cogepxamunx 90%
Zr0,. Bropas ¢asa EMeeT MURDOTBEPHOCTb, O[AHAKOBYIO A BCeX 00pasmoB m GimaKrymo
IO 3HATEHMIO K MHKDPOTBEDI0oCTH BYyOKAcH mupronua (1000 xI'/mx?).

- - BoanmopeiicTBHe KapSana radEnsa ¢ oxuckio raduuA o TeMmeparypsl 2000°C ne ma-

Guopaercsa. Cocra TPOIYKTOB Peaklun mpn Temmepatypax or 1000 zo 2000° C ogmmnakon
A COOTBETCTBYET COCTaBY HCXOXHON MINXTLL

* (Dagopuiit ananus paspaGoraH E. E. Korasp.

1517



Tabnruma 4 T

PeayasraTe mcenenorannsa peakqun V,0; + VC— V + CO

Coneparte, % Daz0BLlit cocTaB
Temnepa- (OpNeHTHPOBOYHBII
Typa, G v Ccnna C’cnoG v+ Coﬁm [¢) Hoaﬂggf,[{;’?)‘ Xt
llInxTa 70,0 9,5 — 79,5 20,5
1000 74,4 9,28 He o6m. 83,7 16,3
1100 75,0 8,64 » » 83,6 16,4
1200 77,7 8,58 » » 86,4 13,6
1300 80,0 7,57 » » 87,6 12 4 VvC + VO
1400 85,1 4,20 » » 89,3 10,7 Vo,C+ VO +V
1500 88,8 3,32 » » 92,1 7,9 V,.C+VO+V
1600 90,4 3,5 » » 93,9 6,1 41,1% V.
{ 25,1% VO,
33,3% V.C

BaamaoelicTsiic okucH Banainsa ¢ kapOugom (ralx. 4) 1moxasano, 4To OHO HATHHAET-
¢ yaie mpu ToMumepatype 1000—1100° C. ITpn 1300° C cocTtals TIPOJA\YKTOB PEAKIHHU IO JaH-
HEIM XHMHIUECKOTO anatusa coorsercrsyer VC m VO, npm 1400° C mossaserca V.G, VO
u V. C pocroM Temnepatypsl cofepskanie VoC n VO ywmenplllaeTcs, a Banagusa yBeandd-
BaercH.

BsauMopgeiictBue oxucn EHOGHA ¢ KapONMIOM IipaKTIIMeCKH HAUHHACTCA OPH TeMICpa-
Typax Boimie 1300° C. 1o aTo# TeMIepaTypEHl COJep:anue yIJiepojia B OPOAYKTAX DeAKIHHA
TMOYTH PABHO COAEPIKAHHIO €ro B UeXomuoil muxre (7,7%); penrrenoBekmii aHatms obHapy-
sRIBaeT oKich, HIoOua Nb:0Os, xapéugy NbC m creanmt z-dasor. IIpun TemmepaType BHIINE
1300° C cocTaB MPOAYKTOB PeaKIUM W3MEHACTCA, W PeHTTCHOBCKWU aHalWm3 OpH TeMoepa-
type 1500° C obuapyskusaer NbC ¢ mepuogom penretru 4,459 A, 4ro cooTBeTcTByeT COCTa-
By NbCose, m z-Pasy. OpmeuTHpOBOUNBIf pacder cocTaBa z-hasbl, IO JANHBIM XHMAde-
CKOTo aHalmsa, coorsercrnyer ¢aze cocrana NbO (rabx. 5), uro, ogHaro, eme MOJTEHAT
OPOBCPRE H YTOYHENHIO.

TabGauma d

PeayabraTm ucciejosanua peaxgun Nb,O; + NbC — Nb + CO
B Bakyyme (Bpemst 1 u, faBaenue 107! ma. pm.cm.)

Concpkanne, %
Temnepa- i dagosbIi cocTan
Typa, °C Nb Ccnna Cinoo Nb + Cu(u.u [0} 1o ]?1‘}{[;1.;‘1(1‘;]}(’)130“
IluxTa 82,1 7,79 — 89,8 10,2
1000 84,3 7,76 0,07 92,0 8,0 Nb,0s + NbC + caeast
z-a3sl
1100 83,6 7,76 He o611, 91,3 8,7 Nb,O5 + NbC + crepst
z-hassl
1200 84,7 7,40 » » 92,1 7,9 NbC + z + caenst NbyOj
1300 85,3 7,28 » » 92,6 7,4 NbC + z + caenpr NboOs
1400 86,4 6,87 » » 93,3 6,7 NbC + z + caeppt NboOs
aNpC = 4,463 A
1500 87,5 6,17 » » 93,7 6,3 | NbC -+ =, anpc = 4,459 A
1600 95,6 3,28 » » 98,9 1,1 Nb - NboC
1700 95,7 3,78 » » 99,5 — Nb + Nb,C
1800 97,5 2,25 » » 99,8 — Nb 4+ Nb,C
1900 93,5 0,91 » ¥ 99,5 - Nb + Nb,C

IIpn Temmeparypax soime 1600°C obmapysenst ND.C 1 Nb. Hecaenopanne pearonma
B3aHMOJIClicTRIGE OKNCH XpoMa ¢ BHEICIUMM 110 cofcp:kanuio yriepoma xapOupoM CriCe
mokasaio [5], uro ono maumbacreda upu temmepatype 1200°C, mpm sToM B HpOTYKTAX
peaxumu nossasierest kapOuy CriCy (rabi. 6), MakcHMaiLuOe KOJAWYeCTBO KOTOPOro C€O-
orBorernyet Temucparype 1300° C. ITpu oroit Temuepartype xapbmg CraC. ne oGnapymen.
C pocroy rtemuepatypur copepikatrne CryO; YMCHBIIACTCH, TARKKE YMEHLINACTCA COACP-
skarne CrsCy, a cojlepranne XpoMa, nosigusiterocs Ipu TeMmmuepatype 1300° C, ypeamyu-
raeTest, joeravist upa 1600—1660° C 96 %.
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TaGanmga 6

Pe3yaprarsl OLBITOE 10 MOJYYEHAI0 XPOMA MO CYMMAapHOM pearkmum
2Cr,0; + 3Cr;C; = 13Cr + 6CO (mmHEXTa CTEXHOMETPHIECKOTO COCTARBA)

© Bec, 2 ;- Copepriagne, % TIpumepHBIl $a30BHIE cocTas, %

g s |2 i

ElE | 2 | =0 - N - T R R R

= oS ) c ” ) (@) R ON Q 154

& 8 B &= 8| o o ) Uagl & 5] 5 5
1000(14,6 |14,2 | -- |79,8/8,4 |He 00n.(8,4 199,8 8,4 36,3 163,5|HeobH.|He o6H.
1100{14,1 {13,8 | —— {79,6(8,0 | » » 18,0 {96,6 7,7 138,89 157,70 3,4 -
1200|14,67(13,67(21,2(86,6(5,2 0,01 15,2 |24,0 24,0 57,8 -
1300{16,97(15,98|46,2(89,4(3,5 |He 06=r.i3,5 |18,1 18,1 38,9 43,0
1400|14,69{11,70,82,0{95,8/0,83} » » |0,83| 7,3 He o6n 7,3 He 9,2 83,5
1500|16,12(12,79/83,6(96,2|0,85 0,85 5,0 1 5,0 6 9,2 85,8
1600117,76| 8,70|97,7{97,7|0.09| 0,02 |0.07| 3,8 3,8] 1°°% 0,8 | 954
1650|13,82| 6,67(56,9/97,5/0,08| 0,03 [0,05] 3,5 3,5 0,7 95,8
1700 OGpasern 97,5{0,28) 0,03 }0,25| —- - |— - -

pacmiIaBAICAH

Ha mazoMeTpudeckodl KpmBoii peaxumm HAOGIIOZAIOTCH fBa CKAUKA, COOTBETCTBYIOILUE
TemoeparypaM 1200°C, nmpm KoropoH ®B3amMonelicTBie mmer mo ypasHewmio CroOs; 4+
+ CrsCz — Cr7Cs + CO 7 1400° C, mpu rotopoi CryCs 4 Cr,03 — Cr 4 CO.

OBCYIRJIEHUE PE3YJbTATOB

IIpu B3amMOTEMCTBHH OKICIOB ¢ KapbmaaMm MeraiiioB 1V TpyHOE mepHOAMYeCcKOR
CHCTeMEl 2ieMeHTOB MeHpeneesa XapakTepHo o0pasopanye OKCHMRapOW0B IEepPeMEeHHOTO
COCTABA, IPHYeM TEMIEPATYpa 9TOr0 B3auMMONeHCTBHA IPH Hepexqie OT TUTAaHA K OHDKO-
HEKO ¥ ra@HAI0 yBeamuydBaeTcd. OKRmCAIBI MeTadioB V @ VI Tpymn B3aHMONEHCTBYIOT
¢ kapbmmaMm ¢ o0pasoBaHMeM MeTaxIoB. Pa3mmume B XapaKrepe B3amMOfgeHCTBUA OIpe-
JeJIsIeTCSA BIeKTPOHHOIl CTPYKTYPOH MeTallioB, 00pasyoIqaX OKHCIB H KapOnjsL.

Cornacno {12], ocHoBREIe CBOMCTBA TYTOILIABKHX COCIMHEHHN CBA3AHH €O CTa0HIBHO-
CTHI0 IeKTPOHHEX ROE(Urypanzmi o0pasyomEX MX MeTaunaos ¥ yriaepoga. Merammsr IV
rpynmel pmepmojmduecKoii cucreMbl dieMmentos [, W, Meupgenmeesa ¢ WHCIOM 3IEKTPOHOB
B d? — COCTOAHME CTPEeMATCA K Hepexoxy B ycrowdmesie d°- u dS-cocTosiEms. Yriaepon Kap-
0u1a, mMesa B COCTOAHRMM M30JMPOBAHHOIO aToMa KOHQUTYpammio s2p2, B PesyabTare s —- p-
mepexoja CTpeMETeS K 00pa3oBaHMIO M cTabmiausamum ycroiumBodl Komdurypanmm spi.

JiIa OKMCIOB HTHX METAJUIOB XapakTepeH Iepexox ABYX BaJEHTHHIX 3JTeKTPOHOB Me-
Tajlla K KHUCIOPORY ¢ o0pa3oBaHWeM BBICOKOTO CTATHCIHYECKOTO Beca KOH(QETryparmil
s2p® W COOTBETCTBEHHO IOBLIUIEHHBIM CTATHCTAYCCKEM BeCOM YCTOMYUBHIX d0-COCTOSHME
MeTaiuia.

IIpn B3amMmopmedicTBMH Kapbmga THTaHA, B NOJpelleTKe KOTOPOTO 00pasoBaHWe CTa-
OmIbHBIX KOHGUTYpALHAit He MOMeT OLITH peajm30BaHO, ¢ OKMCIOM BEDPOATEH TMEPEXOR ABYX
d-31eKTPOHOB THTaHa, maxofsmmerocs B TiC, K Kucaopomy ¢ o6pasoBaiueM yCTOHUYEBHRIX
d’-COCTOAHNHA Yy THTAHA M BBICOKOTO CTATHCTHYGCKOTO Beca s2p-COCTOAHHMI Yy aTOMOB KHC-
Jopona, co crabmrmsanmeil yCTOHYMBOIO COCTOAMEA sp3 yriaepoga, 910 MOATBEP:KNAeTCH
caMEM (PaKToM 00paz0BABMA OKCHKAPOHIOB.

ITpu pepexofe or TaTama ® Zr u Hi, 1. e. ¢ pocToM craGmisHOCTH d-COCTOSHHMN, BCIET-
CTBHO yBeJWUYeHHs IVIaBHOIO0 KBAHTOBOIG YMCHIA d-3JIeKTpoHOB {11], BospacraeT crarmcTage-
CKEl Bec d°-KOH(MUIypamHA M HX PHEPIeTHYECKAS IIPOYHOCTH.. COOTBETCTBEHHO HOHMMIKAST-
¢l CTATHCTOYECKUE Bec d’-COCTOAHMIA W CBA3AHHBIL ¢ mX 00pasoBaHEEM IepPeXol dJacTH
BAJEHTHBIX DIGKTPOHOB B KOJMIEKTHBHA3HPOBAHHOE COCTOAHHE, UTO UPOABIALTCA, HAIPAMED,
B CHWKEHHH YJeJbHOTO 3IeKTpocompoTHBlendma B pagy TIC— ZrC — HIC (52,5; 50,0;
45,0 mrom/cau). llopHTeHNe 3HEPTeTUIECKOH CTAGHIBHOCTE H POCT CTATHCTHYECKOTO Beca
d5-COCTOARMA NPOABISETCA TAlKe B YBeIMIeHUM TewioThi O0pascBanHA napfmmeR of
TiC (43,8 kraa/noav) x ZrC (47,7) m x HEC (73,7) m remnor obpasosamus oxmcios: TiOg
225 rraa/moaw; ZrOx —1259; HIO, — 266 kkas/Mmoav. DTo yHPOUREHEHEe ¥ TIOHWMESHHS pe-
AKIIHOBHOH cnocofHGCTH (T. €. yBeJAHUYeHHe DHEPTHH, HeoOXOMHMOM IIA HapyWeHHsa d5-co-

" CTUSHEH) TUPUBORHT X - COOTBETCTBYION[OMY pOCTY TeMIepPaTYDH HAYALA B3AHMOACHCTBES,

KOTOpOe TaKiKe WaeT B HANPABIeHAH 00pa30BAHHA OKCHRAPOHHOB, KaK ImOKA3aHO BHIE,

iipm mepexofie K MeTaiiaM V TPyGOH - Bagafmo, Emoldi0 u TanTaly, V KOTODHIX
CTATACTHUSCKNH BeC d5-COCTONHEN CyIMecTBeRHO BEINIE, 9eM ¥ METALI0B 1V rpynmH, aTo-
MBIl MeTauIoB MpuoOperaloT B Kapbumax Gomee ycroiiampoe COCTOAHME, KOTOpOE, B JaCTHO-
CTH, CTabMIA3UPYeTCd 3a C4eT UPRBICUCHHS BICKTPOHOB OT aTOMOB yriepoja. Hapyme-
HAe OpH 9TOM CTabWMILHBIX COCTOSBHE ATOMOB yIiepoja (MOHMKeHHe CTATHCTHIECKOTO
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Beca spS-COCTOAHMIL B MOAPEILeTKe YTIACPORA) TPHBOKUT, B YACTHOCTH, K CHIKEHMIO TehoT

o0pasoBaHus KapOmjaoB V IPYIOH, IO CPABHEHHIO ¢ KAapPGHAAMM METAIIOB IY TPYWIEL,
a TAKKe MNOBBILCHAKD AIeKTPOCONPOTUBIEHHS BCJeJcTBHe BO3MOMKHOCTH CTabHIN3aIllAR
KoHGATYpaunH sp° 3a c4eT 3aXBaTa DIEKTPOHOR HpPOBOXMMoCTH. [loaToMy mpm pearnuax
MYC —MVO napymenune cTalHABHEIX COCTOAHMIE ATOMOB METAINIOB IPOMCXOTUT € GOMb~
UIM TPYROM, YeM B caydae peartmn MIVC — M!VO u B 0CHOBHOM HjeT HapyllleHue ysKe
BOo30Y/RACHHBIX Sp-ROHOHUrypaunii yriepoja B3amMOpeiicTBIeM € KHCIODPOZOM € BhIJele-
uieM CO u 00pasosaKmeM MPOMe;KYTOYHOIO METAINA, A He OKCHKAapOMIOB. .

OueBMIHO, YTO ACXOIA M3 ITHX Ke MPeRUHOXOKeHNIT, cIeqyeT OMKEIATh eme OOMplIel
TPYAHOCTH 00pasoBaRHsl OKCEKapOWI0B ¥ GOIBIIeH JerrocTi 00pa3oBaHNL MeTAIOB IPH
peakmuaAX MviC— Mv 10, BenefcTnie GoABIIET0 CTATHCTHICCKOTO Beca d5-COCTOAHMI, UTO,
neficTBUTENBHO, HMeer MeCTO HA HPHMEpe XPOMa, BaaHMOHeHCTBHe OKHCIA KOTOPOTO C
KapOmioM ¢ o6pasosanieM MeTaslla MPOHCXOAUT yike npi Temmeparype 1200° C.

ABTOpEI BHpasKaoT Gmarofapuocts I. B. Camconony 3a HeHlsle cOBCTH 11 3aMedaHHS,
BBICRA3aHHEIE HM B Hponecce obCY:KAeuA JaHHOH paboTkL.

BBIBOJILL

Uccaeponano miauvogelficTone oknciop THTana, uupKottus, raduus, BaHafng, HAOOHS
It XpoMa ¢ KapSHAaMM OJHORMCHIBIX MCTALTOB, Y.CTanoBieno, 4to;

Bsaumopelictoue B cneremax TiO: — TiC m ZrO, — ZrC B UHTEpPBale TeMOepaTyp
1000—2000° C nger e obpazopauust okenkaphiron tina MCO;_x.

Baanmopeiictsusi B cuereme [f0, — HIC & IHHTepBaJic McclielyeMBIX TeMIepaTtyp
(1000—2000° C) e mabmomaeres. .

Kap6uasr Merammon V rpynmst nmepnognueckoit cicreymsr niaeveuntos J. . Mennenecna
VC u NbC B3auMofeficTBYIOT ¢ ONHONMCHHBIMI OKHCIAMI © oGpasoBanyeM MeTa/llOB de-
pe3 crajumt o0pasoRanitn HUSUINX OKHCIOB U KapGUI0B.

O0pasoBaniie XpoMa IPH B3aWMOIEHCTBAH BBICHICrO IO cojlepiRaHAIo Yyraepoaa Kapom-
A2 xpoMa CrsC; ¢ orucrio xpoma Cr.0; mabmonaercsi yme Ipn .Tremrepatype 1200°C,
Toseimenne TeMmepaTypsl UPUBOAAT K YBCJINYCHNIG BHXOAA HHCTOTO XpoMa, JI0CTHras
BOIA3N TeMIepaTypH TIaBIeHuss XpoMa 96%.

Pazinune B xapakTepe B3auMOTCIHCTBHS OKICJAOB nepexoanex Metramior IV, V u V]
FPYIHL T PHOJHICCKOH CHCTEMEl DeMEeHTOB ¢ KapOHZaMM CBN3AHO © PA3THIHEM DICKTPOH-
TOit CTPYKTYPHl ATOMOB METaJLI0B, 06PA3YIOIIAX OKHMCIE T KapOupsl.
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